Visual motion perception is critical to many animal behaviors, and flies have emerged as a powerful model system for exploring this fundamental neural computation. Although numerous studies have suggested that fly motion vision is governed by a simple neural circuit [1] [2] [3] , the implementation of this circuit has remained mysterious for decades. Connectomics and neurogenetics have produced a surge in recent progress, and several studies have shown selectivity for light increments (ON) or decrements (OFF) in key elements associated with this circuit [4] [5] [6] [7] . However, related studies have reached disparate conclusions about where this selectivity emerges and whether it plays a major role in motion vision [8] [9] [10] [11] [12] [13] . To address these questions, we examined activity in the neuropil thought to be responsible for visual motion detection, the medulla, of Drosophila melanogaster in response to a range of visual stimuli using two-photon calcium imaging. We confirmed that the input neurons of the medulla, the LMCs, are not responsible for light-on and light-off selectivity. We then examined the pan-neural response of medulla neurons and found prominent selectivity for light-on and light-off in layers of the medulla associated with two anatomically derived pathways (L1/L2 associated) [14, 15] . We next examined the activity of prominent interneurons within each pathway (Mi1 and Tm1) and found that these neurons have corresponding selectivity for light-on or light-off. These results provide direct evidence that motion is computed in parallel lighton and light-off pathways, demonstrate that this selectivity emerges in neurons immediately downstream of the LMCs, and specify where crucial elements of motion computation occur.
Summary
Visual motion perception is critical to many animal behaviors, and flies have emerged as a powerful model system for exploring this fundamental neural computation. Although numerous studies have suggested that fly motion vision is governed by a simple neural circuit [1] [2] [3] , the implementation of this circuit has remained mysterious for decades. Connectomics and neurogenetics have produced a surge in recent progress, and several studies have shown selectivity for light increments (ON) or decrements (OFF) in key elements associated with this circuit [4] [5] [6] [7] . However, related studies have reached disparate conclusions about where this selectivity emerges and whether it plays a major role in motion vision [8] [9] [10] [11] [12] [13] . To address these questions, we examined activity in the neuropil thought to be responsible for visual motion detection, the medulla, of Drosophila melanogaster in response to a range of visual stimuli using two-photon calcium imaging. We confirmed that the input neurons of the medulla, the LMCs, are not responsible for light-on and light-off selectivity. We then examined the pan-neural response of medulla neurons and found prominent selectivity for light-on and light-off in layers of the medulla associated with two anatomically derived pathways (L1/L2 associated) [14, 15] . We next examined the activity of prominent interneurons within each pathway (Mi1 and Tm1) and found that these neurons have corresponding selectivity for light-on or light-off. These results provide direct evidence that motion is computed in parallel lighton and light-off pathways, demonstrate that this selectivity emerges in neurons immediately downstream of the LMCs, and specify where crucial elements of motion computation occur.
Results and Discussion
We used two-photon imaging of a fluorescent calcium indicator to examine the activity of neurons within the fly visual system ( Figure 1A ). Flies have proven to be an excellent system for studying visual processing [1] [2] [3] [16] [17] [18] , and broad conservation in the neuroanatomy of the visual system across a diversity of arthropods [19] [20] [21] suggests that a deeper understanding of fly vision will produce widely generalizable conclusions. Beneath the fly retina, the visual system consists of four ganglia called the lamina, medulla, lobula, and lobula plate ( Figure 1B ). The lamina is the first layer of the visual system and contains the primary synaptic targets of the photoreceptors. Motion detection is presumed to occur within the medulla, because output neurons of the medulla show motion sensitivity [7] . We measured the calcium activity of the neurons that relay information from the lamina into the medulla, the lamina monopolar cells (LMCs; L1, L2, L3, and L4), and compared this to the cumulative activity of all neurons within each layer of the medulla neuropil. We made use of the GAL4/ UAS system to express the genetically encoded calcium indicator GCaMP5G [22] in either the LMCs L1-L4 or pan neuronally (details of the fly genotypes used are given in Table S1 available online, images of the driver lines are in Figure S1 , and further details are in Supplemental Experimental Procedures). In vivo two-photon imaging of indicator fluorescence provided a relatively noninvasive measure of population-level neuronal activity in response to visual stimuli presented on a novel projector-based display ( Figure 1A) . The recorded calcium response to the appearance of a small black disc reveals three critical features of our results: (1) the responses are localized to a few medulla columns, which is consistent with the retinotopic organization of the medulla; (2) the layered structure of the medulla is readily discernible in these responses; and (3) light-on and light-off produce characteristic responses that vary between layers of the medulla (Figures 1C  and 1D ; Movie S1).
Pan-Neuronal Calcium Imaging Reveals that Light-On and Light-Off Responses Are Segregated by Medulla Layer
To examine light-on and light-off responses within the medulla, we presented flies with a visual stimulus that consisted of a disc that alternated between bright and dark on an intermediate-intensity background (Figure 2A) . A brief flickering protocol was first used to survey the medulla for a localized calcium response, which determined the imaging region used for subsequent experiments. In all layers of the medulla that contain LMC processes, the LMCs showed decreased activity in response to light increments and increased activity in response to light decrements ( Figures 2B, 2C , and S2A). Although the calcium indicator was simultaneously expressed in LMCs L1-L4, the spatial separation of the LMC arborizations ( Figure S1B ) made it possible to assign the activity measured in each layer to specific cell types ( Figure 2C ; M1: L1; M2: L2+L4; M3: L3; M4: L4; and M5: L1). In all five layers, activity was dominated by a tonic decrease in response to light-on and a tonic increase in response to light-off. However, a phasic response to light decrements but not light increments was observed in layer M2 (likely from L2 given the absence of a similar response in M4), and modest but statistically significant differences in the magnitude of the response to light increments and decrements could be discerned in all layers, except in layer M5 ( Figure S2A ). These results are consistent with previous calcium imaging studies in which L1, L2, L3, and L4 were all found to show increased activity in response to light decrements and decreased activity in response to light increments, with slight-to-moderate selectivity depending on the specific stimulus conditions [5, 8, 10, 12, 23] .
In a parallel set of experiments, we examined the summed response of all (or nearly all) medulla neurons to an identical stimulus using a pan-neuronal driver (R57C10) [24] . This driver was previously shown to drive expression in all known columnar medulla neuron types using stochastic single-cell labeling experiments [15] (A.N., unpublished data), and double labeling with an antibody [25] for an established pan-neuronal marker [26] suggested that it is expressed in all columnar and *Correspondence: reiserm@janelia.hhmi.org tangential medulla neurons ( Figure S1D ). In contrast to the LMCs, the pan-neuronal activity displayed a complex spatiotemporal structure in response to the flickering disc stimulus ( Figures 2B, 2C , and S2B). The pan-neuronal responses in most layers were strongly rectified, that is, the response to light-on did not resemble the inverse of the response to light-off. This rectification is indicative of nonlinear processing that would result in selectivity for either light-on or light-off signals. Increased activity in response to light increments was observed in layers M1, M6, M8/9, and M10. Increased activity in response to light decrements was observed in M1, M2, M3, and M8/9 ( Figure S2B ). For pan-neuronal images, layers M4/5 and M8/9 could not be readily distinguished based on either anatomy or activity and were treated as aggregates. In all layers, the magnitude of the response to light increments and decrements differed ( Figure S2B ). Finally, the LMC response was found to be significantly less rectified than the pan-neuronal response in each layer ( Figure S2C ). Although the pan-neuronal response represents the summed activity of many cell types, this alone cannot explain the rectification, because the linear sum of multiple unrectified responses remains unrectified.
The activity of the LMCs is dominated by a tonic, unrectified response to light changes ( Figures 2B and 2C, top) , whereas the pan-neuronal activity shows substantial phasic, rectified responses to both light increments and decrements ( Figures  2B and 2C, bottom) . This difference, summarized in the statistical results of Figures S2A-S2C , strongly suggests that the rectification of medulla responses to light-on and light-off stimuli occurs downstream of the LMCs. The conclusion that the rectification occurs postsynaptic to the LMCs, and is not a difference between the intrinsic activity of L1 and L2, is supported by previous studies in which L1 and L2 were found to respond to both light increments and decrements [5, 8] (but see [10] , which reaches a different conclusion).
Can the complex spatiotemporal structure of the panneuronal response be decomposed into simpler, constituent responses, or is this complexity a necessary consequence of measuring the summed activity of a diverse neuronal population? To further explore this question, we performed a principal component analysis (PCA) of the responses to the flickering disc stimulus. The PCA was performed using individual pixels from both LMC and pan-neuronal data sets as variates and stimulus-synchronized time points as observations. Consequently, the obtained principal components utilized all available spatial (and temporal) information and simultaneously described both the LMC and pan-neuronal data sets. The first three principal components were found to capture a substantial fraction of the observed dynamics (Figure 2D ; LMC, 60% and pan-neuronal, 61% of variance of each pixel at each time point across all animals). The first principal component captures a tonic, unrectified response to changes in light intensity; the second component describes a phasic, rectified response to light increments (an on response); and the third component corresponds to a phasic, rectified response to light decrements (an off response). Composing a prediction of the pan-neuronal response based on the extracted principal components produces a 
Anatomical "L1 Pathway" Anatomical "L2 Pathway" PC2 Energy in diameter, flickered between high and low light levels at a frequency of 0.05 Hz, and was centered over the receptive field of the imaged neurons. The response to a light increment is shown in the images on the left, and the response to a light decrement is shown in the images on the right. The proximal and distal borders of the (legend continued on next page) spatiotemporal pattern ( Figure 2E ) that qualitatively captures all of the features of the original averaged data set ( Figure 2B ). The spatial distribution of the signals in the second and third PCA components are strikingly similar to anatomical pathways that were suggested by a study of quantitative correlations in the neuronal arborization patterns of Golgi-impregnated medulla columnar neurons [14] . We have reproduced the schematic view of these pathways from this classic study and compared them with our PCA results ( Figures 2F and 2G) . The signal energy in PC2 is very similar to the arborization density for members of the ''L1 pathway,'' whereas the signal energy in PC3 is well aligned with the arborization density for members of the ''L2 pathway.'' One confound to interpreting these responses as evidence of actual neuronal pathways is it assumes the stimulus we selected reflects generalizable phenomena. We have examined the response to moving edges of different polarities and have found that the temporal response is similar to the response observed for a flickering disc, suggesting that our primary stimulus is highly relevant for examining components of the motion detection circuitry ( Figures S2D-S2I ).
The alignment of the spatial distribution of the observed responses with the classic neuroanatomical evidence suggests that the light-on response reflects activity in members of the ''L1 pathway'' and the light-off response reflects activity in members of the ''L2 pathway.'' This result agrees with previous studies that found that L1 and L2 blockade eliminates responses to light-on and light-off motion, respectively, in lobula plate tangential cells [4, 6] and walking behavioral assays [8, 12] . This result is also in agreement with measurements of selectivity for light-on motion by T4 neurons and selectivity for light-off motion by T5 neurons [7] , which have been implicated as the targets of the L1 and L2 pathways, respectively, based on connectivity [15] . There is broad agreement that L1 and L2 are together required for motion detection [4, 8, 11, 13] ; however, several behavioral studies identified other specific phenotypes upon inactivation. In one study, blocking L1 reduced the response to back-to-front motion, and blocking L2 reduced the response to front-to-back motion [11] . In another study, separately blocking L1 or L2 had no effect on the response to either light-on or light-off moving edges [13] . Although anatomical evidence suggests that the L1 and L2 pathways are quite dissimilar, there are prominent interconnections between these pathways, notably through the feedforward neuron L5 and the feedback neurons C2 and C3 [15] . Because of the presence of these interactions between the pathways, as well as clear evidence for at least one additional pathway (associated with the LMC L3 [15] ), there is no simple prediction for how complete L1 or L2 blockage would be expected to affect behavior. In contrast to these behavioral methods that can only provide an indirect measure of neuronal function, our imaging results directly confirm that L1 and L2 are the inputs to pathways with light-on and light-off selectivity, and we show that this selectivity emerges downstream of the LMCs.
Proximal Layers of the Medulla Are Low-Pass Filtered Relative to Distal Layers
The classic model for fly motion detection, the HassensteinReichardt correlator (HRC) [27, 28] , posits that motion is computed from the coincident arrival of delayed and nondelayed signals from neighboring locations on the fly eye. Neurons conveying the delayed signals are expected to respond slowly to changes in light intensity, whereas neurons carrying the nondelayed signals are expected to respond more rapidly. Because the pan-neuronal responses reciprocated the selectivity for light-on and light-off motion proposed in several more recent models of motion computation [6, 29] , we next probed the layer-specific responses to temporally varying visual stimuli. Flies were presented with a flickering disc centered over the receptive field of the imaged neurons, and the disc was flickered at frequencies between 0.33 and 243 Hz. In a related set of trials, we also presented flies with grating patterns that moved at several different speeds (Figures S3A-S3C ). Because the kinetics of the calcium indicator limit our ability to observe the instantaneous fluctuations medulla are indicated by dashed white lines, and the position of each layer of the medulla is indicated along the left edge the images (e.g., M1 is the first layer). (B) Time history of calcium responses to the same flickering disc stimulus. Collected images were rotated and scaled to a common coordinate system, and the mean response of each row of pixels, for each fly, was examined as a function of time. Activity is presented as F=F, or the instantaneous fluorescence normalized by the average fluorescence over the experimental protocol (motivation for this metric is provided in Supplemental Experimental Procedures). Results shown are the median values from multiple individuals (LMC, n = 8; pan-neuronal, n = 7). Positions within the medulla are given on the vertical axis and correspond approximately to the positions of (A), whereas time points are displayed on the horizontal axis. The white and black bars on the horizontal axis indicate the periods during which the disc was on and off, respectively. (C) Time series for calcium responses at selected positions within the medulla. Results are calculated as in (B), error bars indicate the SEM, and solid black lines below each curve represent a F=F value of zero. The white and gray backgrounds indicate the periods during which the disc was on and off, respectively. For LMC images, each layer was readily identifiable and is shown separately. For pan-neuronal images, layers M4/5 and M8/9 could not be readily distinguished based on either anatomy or activity and consequently are labeled as aggregates. Statistical analysis of these time series demonstrates that LMC responses are less rectified than pan-neuronal responses (see Figure S2C ). (D) Principal components of LMC and pan-neuronal calcium responses to a flickering disc stimulus. The principal components analysis used the individual pixels of all trials as variates and each time point as an observation, such that the calculated components simultaneously represent both the LMC and panneuronal data sets. The contribution of each principal component to the predicted F=F is shown as a function of position in the medulla and time. Positions within the medulla are given on the vertical axis (e.g., M1 is the first layer), whereas time points are displayed on the horizontal axis. The white and black bars on the horizontal axis indicate the periods during which the disc was on and off, respectively. The percentage of the explainable variance contributed by each principal component is presented below each panel, and significant differences in these percentages between the LMC and pan-neuronal data sets are indicated with asterisks (two-sided Mann-Whitney U test, *p < 0.05, **p < 0.01; ns, not significant). in calcium concentration that might occur at higher flicker frequencies [22] , we used the time-averaged fluorescence to characterize how the time-averaged neuronal activity is affected by stimulus frequency. This approach was successfully used in previous studies to describe the temporal filtering of lobula plate tangential cells [30] and is supported by models of the indicator dynamics (Figures S3D-S3H) .
In the first five layers of the medulla, the time-averaged LMC activity decreased gradually with flicker frequency and converged to a minimum value for frequencies greater than 81 Hz. At these high frequencies (well above the flicker fusion rate of Drosophila photoreceptors [31] ), the time-averaged activity we measure is expected to converge to the response to a full-field intermediate-intensity stimulus. The LMC activity in each of the M1-M4 layers was significantly affected by frequency (p < 0.001, one-way ANOVA, Bonferroni correction), whereas activity in M5 was not significantly affected by frequency (p > 0.05), and only layers M2 and M5 differed from each other (p < 0.01, two-way ANOVA, Bonferroni correction). The responses of L1 in M1 and M5 were not significantly different (p > 0.05, two-way ANOVA, Bonferroni correction), and the additional variability in the response of M5 was attributed to the weaker responses in that layer, as was also observed in a previous study [8] . The LMC responses are largely consistent with the results of previous electrophysiological studies that showed that fly LMCs rapidly hyperpolarize in response to light increments and depolarize in response to light decrements [17] and remain responsive to oscillations in light intensity at frequencies up to w30 Hz (3 dB corner frequency [16, 32, 33] ). In contrast to previous electrophysiological studies [16, 32, 33] , we did not observe any high-pass filtering in the LMC responses. The absence of high-pass filtering is consistent with the sustained responses observed for slowly flickering discs (Figures 2A-2C ) and similar to previous calcium imaging experiments [5, 8] , suggesting a difference between the intracellular calcium dynamics and membrane potential dynamics.
The time-averaged pan-neuronal activity in distal layers M1-M6 was similar to that observed in the LMCs, and it decreased gradually with flicker frequency and converged to a minimum level for frequencies greater than 81 Hz. However, the pan-neuronal activity in the proximal layers M8-M10 was markedly different. The pan-neuronal activity in layers M8-M10 decayed rapidly for frequencies above 1 Hz and converged to a minimum value for frequencies greater than 9 Hz. No differences were observed between the panneuronal responses of M1-M6 (p > 0.05, two-way ANOVA, layer-frequency interaction), and no differences were observed between the responses of M8/9 and M10 (p > 0.05), but the pooled responses of M1-M6 were significantly different from the pooled responses of M8-M10 (p < 0.001). These conclusions are not limited to flickering stimuli because we observe similar temporal filtering properties within both LMC and pan-neuronal responses to moving square-wave gratings ( Figures S3A-S3C) .
The pan-neuronal response to flickering discs of different frequencies suggests that neurons with dense arborizations in the distal layers of the medulla respond strongly to high-frequency stimuli, whereas neurons with dense arborizations in the proximal layers of the medulla respond weakly to the same high-frequency stimuli. Anatomical evidence indicates that many medulla columnar neurons receive inputs in the distal layers and have outputs in the proximal layers [14] . Together this suggests that substantial temporal filtering occurs within the medulla columnar neurons, and responses to high-frequency stimuli are severely attenuated at their outputs. These results may shed additional light on the neural circuits that implement motion computation. In the simplest implementation of the HRC, the temporal delay is a lowpass filter and correlation is realized as a multiplication of the two signals ( Figure 3E ) [27] . Thus, this model predicts that neurons carrying nondelayed signals will respond to stimuli over a wide range of frequencies, whereas neurons carrying delayed signals will only respond to lower frequency stimuli, and that a multiplicative interaction will occur in a region where they overlap. If we interpret our results in this context, it would suggest that the multiplicative interaction is in the distal layers of the medulla, in areas that receive both delayed and nondelayed signals. However, if this were the case then we would also expect to observe motion selectivity in either or both the distal or proximal layers, which we did not ( Figures S2D-S2I and S3A-S3C; although spatial averaging across columns may obscure this motion selectivity). It is likely that a literal application of the simple HRC model to the medulla is not possible; both the temporal filtering of the nondelayed and delayed arms, as well as the nonlinearity may not be as simple as we have assumed. Nevertheless, our results do show that the temporal filtering that is critical for motion detection does occur between the input and output layers of the medulla.
Responses of Individual Neuron Types Central to the L1 and L2 Pathways Reciprocate Pan-Neuronal Results
Do the principal components of Figure 2 represent the activity of actual neurons? Because the spatial distribution of the pan-neuronal responses closely matched the anatomical L1 and L2 pathways, we next examined the activity of key neuron types within each of these pathways. We selected the medulla columnar interneuron Mi1 as a representative of the L1 pathway and the transmedullary columnar neuron Tm1 as a representative of the L2 pathway. Both of these cell types have archetypal morphology [14] (Figures 2F and  2G) , and each receives the largest number of synapses from their respective LMCs [15] . As with the LMC and pan-neuronal studies, we expressed the fluorescent calcium indicator GCaMP5G using the GAL4/UAS expression system and imaged the calcium responses using two-photon microscopy (see Supplemental Experimental Procedures).
The Mi1 cell type is characterized by dense arborizations in medulla layers M1, M5, and M9-M10 ( [18] , Figures 4A and  S4A ). When presented with a flickering disc stimulus, the response of Mi1 neurons in layer M10 closely mirrored the pan-neuronal response in M10 ( Figure 4B ). Activity in Mi1 increased in response to light increments, decayed to baseline levels after several seconds, and showed a minimal response to light decrements. Similarly, the response of Tm1 to a flickering disc stimulus closely matched the pan-neuronal lightoff response in M8/9 (Tm1 has dense arborizations in M2-M3 and M9 [18] ; Figures 4A and S4B) . Activity in Tm1 increased in response to light decrements, decayed to baseline levels after several seconds, and showed no response to light increments ( Figure 4B ). The responses of Mi1 and Tm1 appear to be primarily driven by the luminance change, since the responses to a set of motion stimuli all show similar responses ( Figures S4C-S4F) . The activity of Mi1 and Tm1 in the more proximal layers of the medulla was comparable to the responses in the deeper layers; however, the responses in layers M9 and M10 were often larger and so were used for this analysis.
The response of Mi1 to flickering discs of different frequencies closely followed the pan-neuronal response in M10 (Figure 3 ; reproduced in Figure 4 ). Activity in Mi1 decreased rapidly for flicker frequencies greater than 1 Hz and converged to a minimum value for frequencies above 9 Hz. The response of Mi1 at different flicker frequencies was not significantly different from the pooled pan-neuronal M8-M10 responses (two-way ANOVA, interaction effect, p > 0.05) but was significantly different from the pooled M1-M6 responses (p < 0.001). The Tm1 response to flickering discs also resembled the filtered pan-neuronal response in layer M8/9 ( Figure 4 ). Activity in Tm1 decreased rapidly for flicker frequencies greater than 1 Hz and converged to a minimum value for frequencies above 9 Hz. However, the response of Tm1 to different flicker frequencies was significantly different from both the pooled pan-neuronal M8-M10 responses (two-way ANOVA, interaction effect, p < 0.001) and the pooled M1-M6 responses (p < 0.001). Similar temporal filtering was observed in the responses to moving square-wave gratings, although these responses showed somewhat greater variability ( Figures S4G and S4H) . We attribute the smaller responses measured from Tm1 ( Figures 4B and 4C ) to stimulus size selectivity we observe in this cell type (but is apparently absent in Mi1; Figure S4I ). The response of Tm1 to a 30 disc (used to enable comparison to the pan-neuronal data set) is substantially reduced from the response to a smaller disc, suggesting a prominent contribution from an inhibitory surround ( Figure S4J ).
These results support the conclusions drawn from the pan-neuronal activity. We observed selectivity for light-on in a prominent interneuron of the L1 pathway and selectivity for light-off in a prominent interneuron of the L2 pathway. Each of these interneurons is predominantly postsynaptic to their respective LMC, suggesting that this selectivity arises immediately downstream of the LMCs. The similarity between the responses of these two interneurons and the pan-neuronal responses could be interpreted as evidence that they alone dominate the pan-neuronal activity. However, it is more likely that these neurons are only examples of a broader functional segregation and that each pathway contains multiple neuron types with similar properties. This interpretation is consistent with the recent identification of selectivity for light-off in the Tm2 neuron [23] , which has connectivity similar to Tm1 and is associated with the L2 pathway [15, 23] . Rectified responses in other cell types may explain some differences between the arborization density of these neurons and the anatomical organization of the pathways extracted from the pan-neuronal responses ( Figure 2G , notably in layer M3).
Conclusions
We imaged neural activity in the fly medulla in response to a variety of visual stimuli. We found that selectivity for light-on or light-off was not present in the inputs to the medulla (the LMCs) but was present in the pan-neuronal activity of the medulla. The spatial distribution of the pan-neuronal light-on and light-off responses closely coincided with the L1 and L2 pathways, respectively, that were previously derived from anatomical studies. We then imaged prominent interneurons within the L1 and L2 pathways and found corresponding selectivity. These results are strong evidence for the emerging hypotheses that the light-on and light-off responses are mediated by the L1 and L2 pathways [4, 7, 8, 15] , respectively, and that the rectification that characterizes these responses emerges downstream of the LMCs. In addition, we found that a remarkably large fraction of the total activity in the medulla could be attributed to activity in just these two pathways. If the L1 and L2 pathways are principally involved in motion computation, then this result suggests that motion computation accounts for a large fraction of the total activity in the medulla as evoked by our stimuli. An alternative interpretation is that the L1 and L2 pathways represent a more general functional segregation for light-on and light-off selectivity within the medulla, of which motion computation is a specific example. Furthermore, we found that the input layers of the medulla were significantly more responsive to higher flicker (and motion) frequencies than the output layers, indicating that high-frequency temporal information is lost by processing within the medulla. This transformation may reflect the step preceding motion detection, or it might be a signature of the very heart of motion computation. Finally, this study uses pan-neuronal imaging within a large region of the fly brain to characterize stimulus feature selectivity (Figures 2A-2C) , and it uses a combination of functional and anatomical insights to identify specific cell types associated with this selectivity ( Figures 2D-2G and 4) . We expect that this approach will become increasingly powerful as advances in electron microscopy methods continue to reveal the connectivity of the fly brain and intersectional genetic techniques increasingly enable targeting of any cell type of interest. See also Figure S4 .
